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(57) ABSTRACT 

A control system includes a device having a position 
betWeen minimum and maximum positions. First and sec 
ond position sensors sense the position of the device and 
generate ?rst and second position values. A sensor module 
generates a ?rst signal Waveform based on the ?rst position 
value and a second signal Waveform based on the second 
position value. The sensor module varies a frequency of the 
?rst signal Waveform based on the ?rst position value and a 
frequency of the second signal Waveform based on the 
second position value. A control module communicates With 
the sensor module and determines the ?rst and second 
position values based on the frequencies of the ?rst and 
second signal Waveforms, respectively. The sensor module 
increases the frequency of the ?rst signal Waveform and 
decreases the frequency of the second signal Waveform as 
the device moves from the minimum position to the maxi 
mum position. 

41 Claims, 4 Drawing Sheets 
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VARIABLE FREQUENCY BASED 
ACCELERATOR PEDAL MODULE AND 

ELECTRONIC THROTTLE BODY POSITION 
INDICATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/491,903, ?led on Aug. 1, 2003, 60/491, 
700, ?led on Aug. 1, 2003, and 60/491,905, ?led on Aug. 1, 
2003, Which are hereby incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

The present invention relates to vehicle control systems, 
and more particularly to redundant position sensing of 
devices in vehicle control systems. 

BACKGROUND OF THE INVENTION 

Vehicle manufacturers are increasingly replacing 
mechanical linkages in vehicles With sensors and electro 
mechanical devices to reduce Weight and cost. For eXample, 
sensors are replacing mechanical linkages to detect positions 
of user operated devices such as accelerator, clutch, and 
brake pedals. Signals are transmitted from the sensors to 
controllers and/or electromechanical devices in the vehicle. 
For example, a signal from an accelerator pedal may be 
transmitted to an actuator in the electronic throttle body to 
adjust the position of the throttle blade. Additionally, a 
throttle position sensor detects the position of the throttle 
blade and transmits a signal to an engine control module. 

In cases Where mechanical linkages are at least partially 
eliminated, multiple sensors are commonly used to perform 
redundant measurements and ensure system accuracy. For 
eXample, some manufacturers use analog position sensors 
that are based on a resistive ink or paste that is deposited on 
a non-conducting substrate. Other manufacturers use appli 
cation speci?c integrated circuits (ASICs) in combination 
With sensors. The sensors typically include hall effect or 
inductively coupled sensors. The ASICs receive analog 
signals from the sensors and output pulse Width modulated 
(PWM) or other types of signals. 

Referring to FIG. 1, a vehicle control system 10 includes 
a sensor module 12 and a control module 14. For eXample, 
the sensor module 12 may be an ASIC. The sensor module 
12 includes ?rst and second signal conversion modules 16 
and 18, respectively. The signal conversion modules 16 and 
18 receive ?rst and second position signals 20 and 22, 
respectively. The position signals 20 and 22 are from ?rst 
and second position sensors that detect a position of a 
device. For example, the device may be an accelerator pedal, 
brake pedal, clutch pedal, or a throttle blade in a vehicle. The 
position signals 20 and 22 indicate ?rst and second position 
values of the device. 

The signal conversion modules 16 and 18 convert the 
position values into ?rst and second analog Waveforms 24 
and 26, respectively. The signal conversion modules 16 and 
18 include mechanical adjustments that adjust characteris 
tics of the analog Waveforms 24 and 26. For eXample, the 
signal conversion modules 16 and 18 of FIG. 1 include 
potentiometers that adjust the amplitude and/or duty cycle of 
the analog Waveforms 24 and 26 given a ?Xed frequency 
When a position of the device is ?Xed. 
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2 
The control module 14 receives the analog Waveforms 24 

and 26 and decodes the analog Waveforms 24 and 26 to 
recover the ?rst and second position values. The sensor 
module 12 may use one or multiple shared reference volt 
ages for each of the signal conversion modules 16 and 18. 
The ?rst and second position values provide an opportunity 
for the vehicle control system 10 to perform redundant 
position sensing of devices. HoWever, as the number of 
sensors increases, the number of Wires and overall cost 
increases. 

SUMMARY OF THE INVENTION 

A control system according to the present invention 
includes a device having a position betWeen minimum and 
maXimum positions. First and second position sensors sense 
the position of the device and generate ?rst and second 
position values, respectively. A sensor module communi 
cates With the ?rst and second position sensors. The sensor 
module generates a ?rst signal Waveform based on the ?rst 
position value and a second signal Waveform based on the 
second position value. The sensor module varies a frequency 
of the ?rst signal Waveform based on the ?rst position value 
and a frequency of the second signal Waveform based on the 
second position value. A control module communicates With 
the sensor module and determines the ?rst and second 
position values based on the frequencies of the ?rst and 
second signal Waveforms, respectively. 

In other features, the sensor module increases the fre 
quency of the ?rst signal Waveform and decreases the 
frequency of the second signal Waveform as the device 
moves from the minimum position to the maximum posi 
tion. The control module increases the frequency of the ?rst 
signal Waveform from a ?rst frequency When the device is 
at the minimum position to a second frequency When the 
device is at the maXimum position. The control module 
decreases the frequency of the second signal Waveform from 
the second frequency When the device is at the minimum 
position to the ?rst frequency When the device is at the 
maXimum position. The control module increases the fre 
quency of the ?rst signal Waveform from a ?rst frequency 
When the device is at the minimum position to a second 
frequency When the device is at the maXimum position. The 
control module decreases the frequency of the second signal 
Waveform from a third frequency that is betWeen the ?rst 
and second frequencies When the device is at the minimum 
position to a fourth frequency that is less than the ?rst 
frequency When the device is at the maXimum position. 

In still other features of the invention, the control module 
increases the frequency of the ?rst signal Waveform from a 
?rst frequency When the device is at the minimum position 
to a second frequency When the device is at the maXimum 
position. The control module decreases the frequency of the 
second signal Waveform from the ?rst frequency When the 
device is at the minimum position to a third frequency that 
is less than the ?rst frequency When the device is at the 
maXimum position. The control module increases the fre 
quency of the ?rst signal Waveform from a ?rst frequency 
When the device is at the minimum position to a second 
frequency When the device is at the maXimum position. The 
control module decreases the frequency of the second signal 
Waveform from the second-frequency When the device is at 
the minimum position to a third frequency that is betWeen 
the ?rst and second frequencies When the device is at the 
maXimum position. The sensor module increases both of the 
frequency of the ?rst signal Waveform and the frequency of 
the second signal Waveform as the device moves from the 
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minimum position to the maximum position. The second 
module decreases both of the frequency of the ?rst signal 
Waveform and the frequency of the second signal Waveform 
as the device moves from the minimum position to the 
maximum position. 

In yet other features, the ?rst and second signal Wave 
forms are one of square, triangular, trapeZoidal, or sinusoidal 
Waveforms. The control module detects voltage bias condi 
tions in the ?rst and second signal Waveforms. A ?rst 
resolution of the ?rst position sensor is greater than a second 
resolution of the second position sensor. The control module 
applies a Weighting factor to the ?rst position value and/or 
the second position value to compare the ?rst and second 
position values. First and second conductors have ?rst ends 
that communicate With the sensor module and second ends 
that communicate With the control module. The control 
module transmits the ?rst signal Waveform on the ?rst 
conductor and the second signal Waveform on the second 
conductor. 

In still other features of the invention, the control module 
compares the frequencies of the ?rst and second signal 
Waveforms and activates an alarm indicator When a sum of 
the frequencies of the ?rst and second signal Waveforms is 
at least one of greater than a ?rst predetermined frequency 
and/or less than a second predetermined frequency. The 
control module compares the ?rst and second position 
values and activates an alarm indicator When a difference 
betWeen the ?rst and second position values is greater than 
a predetermined value. The control module converts the ?rst 
and second position values into ?rst and second normaliZed 
values that represent a fraction of a range betWeen the 
minimum and maximum positions of the device. The control 
module compares the ?rst and second normaliZed values and 
activates an alarm indicator When a difference betWeen the 
?rst and second normaliZed values is greater than a prede 
termined value. 

In yet other features, the control module includes a 
frequency ?lter that detects frequency shifting in the ?rst 
signal Waveform and/or the second signal Waveform. The 
frequency ?lter is one of a loW pass ?lter or a bandpass ?lter. 
The device is one of an accelerator pedal, a brake pedal, a 
clutch pedal, or a throttle blade of a vehicle. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, While indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying draW 
ings, Wherein: 

FIG. 1 is a functional block diagram of a sensor module 
and a control module from a vehicle control system Wherein 
the sensor module converts ?rst and second position values 
into analog Waveforms according to the prior art; 

FIG. 2 is a functional block diagram of a vehicle control 
system including a control module that receives signals from 
vehicle sensors according to the present invention; 

FIG. 3 is a functional block diagram of the sensor module 
and the control module of FIG. 2 Wherein the sensor module 
converts ?rst and second position values into variable fre 
quency Waveforms; and 
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4 
FIG. 4 is a ?oWchart illustrating steps performed by the 

control module of FIG. 2 to convert the variable frequency 
Waveforms into position values. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. For purposes of 
clarity, the same reference numbers Will be used in the 
draWings to identify similar elements. As used herein, the 
term module refers to an application speci?c integrated 
circuit (ASIC), an electronic circuit, a processor (shared, 
dedicated, or group) and memory that execute one or more 
softWare or ?rmWare programs, a combinational logic cir 
cuit, a micro-controller With timer I/O, and/or other suitable 
components that provide the described functionality. 

Referring noW to FIG. 2, a vehicle 34 includes an engine 
36 and a control module 38. The engine 36 includes a 
cylinder 40 that has a fuel injector 42 and a spark plug 44. 
Although a single cylinder 40 is shoWn, those skilled in the 
art can appreciate that the engine 36 typically includes 
multiple cylinders 40 With associated fuel injectors 42 and 
spark plugs 44. For example, the engine 36 may include 4, 
5, 6, 8, 10, 12, or 16 cylinders 40. 

Air is draWn into an intake manifold 46 of the engine 36 
through an inlet 48. A throttle blade 50 regulates air ?oW 
through the inlet 48. Fuel and air are combined in the 
cylinder 40 and are ignited by the spark plug 44. The throttle 
blade 50 controls the rate that air ?oWs into the intake 
manifold 46. The control module 38 adjusts the rate that fuel 
is injected into the cylinder 40 based on the air that is 
?oWing into the cylinder 40 to control the air/fuel ratio 
Within the cylinder 40. The control module 38 communi 
cates With an engine speed sensor 52 that generates an 
engine speed signal. The control module 38 also communi 
cates With mass air ?oW (MAF) and manifold absolute 
pressure (MAP) sensors 54 and 56, Which generate MAF 
and MAP signals, respectively. 
The engine 36 includes an electronic throttle body (ETB) 

58 that is associated With the throttle blade 50. The ETB 58 
is controlled by the control module 38 and/or a dedicated 
controller such as an electronic throttle controller (ETC); 
First and second throttle position sensors 60 and 62, respec 
tively, detect a position of the throttle blade 50 in the ETB 
58 and generate ?rst and second position signals that rep 
resent the position of the throttle blade 50. The ?rst and 
second position signals are received by a sensor module 64. 
For example, the sensor module 64 may be an application 
speci?c integrated circuit (ASIC). The sensor module 64 
transmits ?rst and second signals to the control module 38 
that have variable frequencies as Will be described in further 
detail beloW. 
The vehicle 34 optionally includes ?rst and second accel 

erator pedal position sensors 66 and 68, respectively, 
that detect a position of the AP 70. The ?rst and second AP 
position sensors, 66 and 68, respectively, generate ?rst and 
second position signals that represent the position of the AP 
70. Asensor module 72 receives the ?rst and second position 
signals and transmits variable frequency signals to the 
control module 38. 
The vehicle 34 optionally includes ?rst and second brake 

pedal (BP) position sensors 74 and 76, respectively, that 
detect a position of the BP 78. The ?rst and second BP 
position sensors 74 and 76, respectively, generate ?rst and 
second position signals that represent the position of the BP 
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78. Asensor module 80 receives the ?rst and second position 
signals and transmits variable frequency signals to the 
control module 38. 

In the case of a manual transmission, the vehicle 34 
optionally includes ?rst and second clutch pedal (CP) posi 
tion sensors 82 and 84, respectively, that detect a position of 
the CP 86. The ?rst and second CP position sensors 82 and 
84, respectively, generate ?rst and second position signals 
that represent the position of the CP 86. Asensor module 88 
receives the ?rst and second position signals and transmits 
variable frequency signals to the control module 38. Those 
skilled in the art can appreciate that sensors other than those 
shoWn in FIG. 1 may be employed. 

The sensor modules 64, 72, 80, and 88 generate respective 
variable frequency signals based on respective ?rst and 
second position signals. The variable frequency signals 
include ?rst and second signal Waveforms that indicate 
values of the ?rst and second position signals, respectively. 
In an exemplary embodiment, the variable frequency of the 
?rst signal Waveform corresponds to a value of a ?rst 
position signal, and a variable frequency of the second signal 
Waveform corresponds to a value of a second position signal. 
Those skilled in the art can appreciate that any of the sensor 
modules 64, 72, 80, and/or 88 may receive position signals 
from more than tWo position sensors for added redundancy. 

It is possible to utiliZe only the ?rst throttle position 
sensor 60 and still obtain redundant measurements of the 
position of the throttle blade 50. For example, other sensors 
such as the MAP and MAP sensors 54 and 56, respectively, 
indicate a How rate and/or a pressure of the air in the intake 
manifold 46 that may be used to determine a position of the 
throttle blade 50. In this case, the sensor module 64 gener 
ates a single signal Waveform With a variable frequency that 
is based on a value of the ?rst position signal from the ?rst 
throttle position sensor 60. HoWever, it is dif?cult to accu 
rately compare the position of the throttle blade 50 from the 
?rst throttle position sensor 60 and from the MAP and/or 
MAP sensors 54 and 56, respectively, in both static and 
dynamic vehicle conditions. Regardless of the availability of 
other sensors, it is desirable to utiliZe both the ?rst and 
second AP position sensors, 66 and 68, respectively. A 
failure of a single AP position sensor 66 or 68 Would result 
in a single-point failure and prevent the control module 38 
from accurately detecting a position of the AP 70. 

The control module 38 decodes the signal Waveforms 
from the sensor modules 64, 72, 80, and 88 to determine 
position values of respective ?rst and second position sig 
nals. In an exemplary embodiment, the control module 38 
converts the position values into normaliZed values that 
represent a fraction of a range betWeen minimum and 
maximum positions. For example, a normaliZed position 
value for the throttle blade 50 may represent a fraction of the 
range betWeen an idle throttle position and a Wide open 
throttle (WOT) position. 

In this case, a normaliZed position value of 0% may 
correspond With the idle throttle position and a normaliZed 
position value of 100% may correspond With the WOT 
position. For example, in an exemplary embodiment, the 
sensor modules 64, 72, 80, and 88 are preset to output 
predetermined signal Waveforms When positions of their 
respective vehicle devices 50, 70, 78, and 86 are ?xed. For 
example, sensor module 64 may be preset to output a 
predetermined signal Waveform When the throttle blade 50 is 
?xed at a maximum air?oW throttle position. After the 
sensor module 64 is preset, the control module 38 may scale 
decoded position values betWeen the preset position value 
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6 
and a position value that is learned during normal operations 
to determine a position of the throttle blade 50. 

Referring noW to FIG. 3, the sensor module 64 and the 
control module 38 are illustrated in further detail. An exem 
plary embodiment of the present invention is outlined beloW 
With respect to position sensing of the throttle blade 50. 
HoWever, analogous operation of the sensor module 64 and 
the control module 38 is contemplated With respect to 
position sensing of other vehicle devices including the 
accelerator pedal 70, the brake pedal 78, and the clutch pedal 
86. The sensor module 64 includes ?rst and second fre 
quency signal conversion modules 96 and 98, respectively. 
An input of the ?rst frequency signal conversion module 96 
receives the ?rst position signal from the ?rst throttle 
position sensor 60. The ?rst frequency signal conversion 
module 96 generates a ?rst signal Waveform 100 based on 
the ?rst position signal. The ?rst frequency signal conver 
sion module 96 also varies a frequency of the ?rst signal 
Waveform 100 based on the value of the ?rst position signal. 
An input of the second frequency signal conversion 

module 98 receives the second position signal from the 
second throttle position sensor 62. The second frequency 
signal conversion module 98 generates a second signal 
Waveform 102 based on the second position signal. The 
second frequency signal conversion module 98 also varies 
the frequency of the second signal Waveform 102 based on 
the value of the second position signal. The control module 
38 receives and decodes the ?rst and second signal Wave 
forms 100 and 102, respectively, to determine the ?rst and 
second position values. 

In an exemplary embodiment, the ?rst frequency signal 
conversion module 96 increases the frequency of the ?rst 
signal Waveform 100 as a position of the throttle blade 50 
moves from a minimum position to a maximum position. 
For example, the minimum position may be an idle throttle 
position and the maximum position may be a maximum 
air?oW position. The second frequency signal conversion 
module 98 decreases the frequency of the second signal 
Waveform 102 as the throttle blade 50 moves from the 
minimum to the maximum positions. Alternatively, the ?rst 
and second frequency signal conversion modules 96 and 98, 
respectively, may both increase or both decrease the fre 
quencies of the ?rst and second signal Waveforms 100 and 
102, respectively, as the throttle blade 50 moves from the 
minimum to the maximum positions. 
The frequency range of the ?rst signal Waveform 100 may 

overlap or be independent of the frequency range of the 
second signal Waveform 102. In an exemplary embodiment, 
the ?rst and second signal Waveforms 100 and 102, respec 
tively, have identical frequency ranges. For example, the 
frequency of the ?rst signal Waveform 100 ranges from 250 
HZ When the throttle blade 50 is in the idle throttle position 
to 5 kHZ When the throttle blade 50 is in the maximum 
air?oW position. Consequently, the frequency of the second 
signal Waveform 102 ranges from 5 kHZ When the throttle 
blade 50 is in the maximum air?oW position to 250 HZ When 
the throttle blade 50 is in the idle throttle position. 

In another exemplary embodiment, the ?rst and second 
signal Waveforms 100 and 102, respectively, have skeWed 
frequency ranges. For example, the frequency of the ?rst 
signal Waveform 100 ranges from 500 HZ When the throttle 
blade 50 is in the idle throttle position to 5 kHZ When the 
throttle blade 50 is in the maximum air?oW position. In this 
case, the frequency of the second signal Waveform 102 
ranges from 4 kHZ When the throttle blade 50 is in the idle 
throttle position to 250 HZ When the throttle blade 50 is in 
the maximum air?oW position. 
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In another exemplary embodiment, the frequency ranges 
of the ?rst and second signal Waveforms 100 and 102, 
respectively, are separated. For example, the frequency of 
the ?rst signal Waveform 100 ranges from 800 HZ When the 
throttle blade 50 is in the idle throttle position to 8 kHZ When 
the throttle blade 50 is in the maximum air?oW position. In 
this case, the frequency of the second signal Waveform 102 
ranges from 800 HZ When the throttle blade 50 is in the idle 
throttle position to 250 HZ When the throttle blade 50 is in 
the maximum air?oW position. 

In another exemplary embodiment, the frequency range of 
the second signal Waveform 102 may be a subset of the 
frequency range of the ?rst signal Waveform 100. For 
example, the frequency of the ?rst signal Waveform 100 may 
range from 250 HZ When the throttle blade 50 is in the idle 
throttle position to 6 kHZ When the throttle blade 50 is in the 
maximum air?oW position. In this case, the frequency of the 
second signal Waveform 102 ranges from 6 kHZ When the 
throttle blade 50 is in the idle throttle position to 2 kHZ When 
the throttle blade 50 is in the maximum air?oW position. 

The control module 38 determines the frequencies of the 
?rst and second signal Waveforms 100 and 102, respectively, 
and converts the frequencies into the ?rst and second 
position values. Since the frequency ranges of the ?rst and 
second signal Waveforms 100 and 102, respectively, are 
inverted, the control module 38 sums the ?rst and second 
frequencies- to determine proper operation of the ?rst and 
second position throttle position sensors 60 and 62, respec 
tively. For example, the control module 38 may indicate a 
sensor error condition When the sum of the frequencies of 
the ?rst and second signal Waveforms 100 and 102, respec 
tively, is at least one of greater than a ?rst predetermined 
frequency and/or less than a second predetermined fre 
quency. 

Alternatively, the control module 38 may ?rst convert the 
frequencies into the ?rst and second position values before 
comparing the ?rst and second position values to verify 
proper operation of the ?rst and second throttle position 
sensors 60 and 62, respectively. In this case, the control 
module 38 indicates a sensor error When the difference 
betWeen the ?rst and second position values is greater than 
a predetermined value. Additionally, the control module 38 
may ?rst convert the ?rst and second position values into 
?rst and second normaliZed values that indicate a fraction of 
the range betWeen the minimum and maximum positions. 

In an exemplary embodiment, the control module 38 
compares the frequencies of the ?rst and second signal 
Waveforms 100 and 102, respectively, to a clock frequency 
of an internal microprocessor for accuracy and performance 
diagnostics. A ?rst resolution of the ?rst throttle position 
sensor 60 may be greater than a second resolution of the 
second throttle position sensor 62. In this case, the control 
module 38 assigns a Weighting factor to one or both of the 
throttle position values for an accurate comparison. Alter 
natively, When the control module 38 compares the frequen 
cies of the ?rst and second signal Waveforms 100 and 102, 
respectively, the control module 38 assigns a Weighting 
factor to one or both of the frequencies of the ?rst and 
second signal Waveforms 100 and 102, respectively, for an 
accurate comparison. 

Frequency shift may occur in the ?rst and/or second 
signal Waveforms 100 and/or 102 due to RC ?lter or LC 
resonance. Therefore, the control module 38 includes a 
frequency ?lter 104 that ?lters the ?rst and second signal 
Waveforms 100 and 102, respectively. For example, the 
frequency ?lter 104 may be a loW pass ?lter that blocks 
signals having frequencies beloW a predetermined fre 

15 

25 

35 

40 

45 

55 

65 

8 
quency, a bandpass ?lter that blocks signals having frequen 
cies outside of a predetermined frequency range, or another 
frequency ?lter. Additionally, the frequency ?lter 104 may 
be a ?rst order or a multiple order ?lter. 

In an exemplary embodiment, the ?rst and second signal 
Waveforms 100 and 102, respectively, are implemented as 
square Waveforms. HoWever, radiated emissions standards 
may dictate minimum and maximum rise and fall times. 
Therefore, the Waveforms may not be perfectly square. 
Additionally, other Waveform con?gurations including tri 
angular, trapeZoidal, and sinusoidal Waveforms are contem 
plated. In the event that the ?rst and second signal Wave 
forms 100 and 102, respectively, are triangular Waveforms, 
minimum and maximum values for the Waveforms are 
preferably predetermined to limit high/loW level times. This 
minimiZes frequency calculation errors at the control mod 
ule 38. The control module 38 determines the frequency of 
a triangular Waveform based on the rise/fall times of the 
edges of the Waveform. 

In the event that the ?rst and second signal Waveforms 
100 and 102, respectively, are trapeZoidal Waveforms, radi 
ated emissions standards may dictate minimum and maxi 
mum rise and fall times of the Waveforms. Minimum and 
maximum values for the trapeZoidal Waveforms are prefer 
ably predetermined to limit frequency calculation errors. 
The control module 38 determines the frequency of a 
trapeZoidal Waveform based on rise/fall times of the edges as 
Well as the high/loW level times of the Waveform. In the 
event that the ?rst and second signal Waveforms 100 and 
102, respectively, are sinusoidal Waveforms, the signal 
Waveforms preferably have minimum and maximum rise 
time requirements for the linear portion of the sinusoid. For 
example, the linear portion of the sinusoid may be from 15 % 
to 75% of the Waveform. 
The sinusoidal Waveforms also preferably have high/loW 

level minimum/maximum time requirements for the non 
linear portion of the sinusoid to minimiZe frequency calcu 
lation errors at the control module 38. For example, the 
non-linear portion of the sinusoid may be from 75% to 15% 
of the Waveform. While sinusoidal Waveforms have the 
loWest radiated emissions, they are also typically the most 
dif?cult to implement into a system. 

In an exemplary embodiment, the square, triangular, 
and/or trapeZoidal Waveforms do not sWitch values close to 
the reference voltage and the return voltage. In this case, 
voltage sWitching in the Waveforms occurs in a prede?ned 
range that is betWeen the reference and return voltages. For 
example, When the reference voltage is 5V and the return 
voltage is 0V, voltage sWitching may occur betWeen 4.5V 
and 0.5V. This results in loWer oscillations betWeen rising/ 
falling edges and high/loW levels in the Waveforms. This 
makes the Waveforms appear to be differential and alloWs for 
the use of higher frequencies While still complying With 
radiated emissions standards. 
The control module 38 preferably detects voltage bias 

conditions in the ?rst and second signal Waveforms 100 and 
102, respectively. For example, the control module 38 may 
employ analog voltage bias detection to detect short-to 
battery and short-to-ground conditions. The control module 
38 may also detect other short conditions to other frequency 
inputs. For example, a typical square Wave signal oscillates 
betWeen 0.5V and 4.5V When there are no failures. If edge 
detection is performed betWeen 1.5V and 3.5V, short-to 
battery and short-to-ground conditions produce a signal With 
no frequency. HoWever, short conditions to other frequency 
inputs may be detected When rising and falling edges of the 
Waveform only sWitch betWeen 1.0V and 4.0V. This alloWs 
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the control module 38 to diagnose analog voltage bias due 
to fretting corrosion of input/output (I/O) pins. 

Referring noW to FIG. 4, a position redundancy algorithm 
that is executed by the control module 38 begins in step 112. 
In step 114, the control module 38 reads the ?rst and second 
signal Waveforms 100 and 102, respectively, from the sensor 
module 64. In step 116, the control module 38 determines 
the frequencies of the ?rst and second signal Waveforms 100 
and 102, respectively. In step 118, the control module 38 
converts the frequency of the ?rst signal Waveform 100 into 
a ?rst displacement value and the frequency of the second 
signal Waveform 102 into a second displacement value. 

In step 120, the control module 38 computes the differ 
ence betWeen the ?rst and second displacement values. It is 
assumed in step 120 that the ?rst and second displacement 
values have an equal Weight. Therefore, no Weighting fac 
tors are applied to the ?rst and second displacement values 
prior to step 120. In step 122, control determines Whether the 
difference betWeen the ?rst and second displacement values 
is greater than a predetermined value. If false, control ends. 
If true, control proceeds to step 124. In step 124, the control 
module 38 activates a sensor error indicator and control 
ends. In step 124, the control module 38 may also take 
corrective action such as implementing a Weighting factor 
for one of the throttle position values so that the system 
remains operational. 

The vehicle control system of the present invention alloWs 
for redundant position sensing of devices in a vehicle. 
Variable frequency interfaces have loWer current require 
ments than analog or pulse Width modulated (PWM) inter 
faces. This alloWs for increased resolution and accuracy. 
Redundant position sensing may be used in vehicle func 
tions that are separate from the engine control system as Well 
as other applications that require accurate position sensing 
of devices. 

Those skilled in the art can noW appreciate from the 
foregoing description that the broad teachings of the present 
invention can be implemented in a variety of forms. There 
fore, While this invention has been described in connection 
With particular eXamples thereof, the true scope of the 
invention should not be so limited since other modi?cations 
Will become apparent to the skilled practitioner upon a study 
of the draWings, speci?cation, and the folloWing claims. 
What is claimed is: 
1. A vehicle control system, comprising: 
a vehicle device having a position betWeen minimum and 
maXimum positions, Wherein said vehicle device is one 
of an accelerator pedal, a brake pedal, a clutch pedal, or 
a throttle blade of a vehicle; 

?rst and second position sensors that sense said position 
of said vehicle device and that generate ?rst and second 
position values, respectively; 

a sensor module that communicates With said ?rst and 
second position sensors, that generates a ?rst signal 
Waveform based on said ?rst position value and a 
second signal Waveform based on said second position 
value, and that varies a frequency of said ?rst signal 
Waveform based on said ?rst position value and a 
frequency of said second signal Waveform based on 
said second position value; and 

a control module that communicates With said sensor 
module and that determines said ?rst and second posi 
tion values based on said frequencies of said ?rst and 
second signal Waveforms, respectively. 

2. A control system, comprising: 
a device having a position betWeen minimum and maXi 
mum positions; 
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?rst and second position sensors that sense said position 

of said device and that generate ?rst and second posi 
tion values, respectively; 

a sensor module that communicates With said ?rst and 
second position sensors, that generates a ?rst signal 
Waveform based on said ?rst position value and a 
second signal Waveform based on said second position 
value, and that varies a frequency of said ?rst signal 
Waveform based on said ?rst position value and a 
frequency of said second signal Waveform based on 
said second position value; and 

a control module that communicates With said sensor 
module and that determines said ?rst and second posi 
tion values based on said frequencies of said ?rst and 
second signal Waveforms, respectively. 

3. The control system of claim 2 Wherein said sensor 
module increases said frequency of said ?rst signal Wave 
form and decreases said frequency of said second signal 
Waveform as said device moves from said minimum position 
to said maXimum position. 

4. The control system of claim 3 Wherein said control 
module increases said frequency of said ?rst signal Wave 
form from a ?rst frequency When said device is at said 
minimum position to a second frequency When said device 
is at said maXimum position and Wherein said control 
module decreases said frequency of said second signal 
Waveform from said second frequency When said device is 
at said minimum position to said ?rst frequency When said 
device is at said maXimum position. 

5. The control system of claim 3 Wherein said control 
module increases said frequency of said ?rst signal Wave 
form from a ?rst frequency When said device is at said 
minimum position to a second frequency When said device 
is at said maXimum position and Wherein said control 
module decreases said frequency of said second signal 
Waveform from a third frequency that is betWeen said ?rst 
and second frequencies When said device is at said minimum 
position to a fourth frequency that is less than said ?rst 
frequency When said device is at said maXimum position. 

6. The control system of claim 3 Wherein said control 
module increases said frequency of said ?rst signal Wave 
form from a ?rst frequency When said device is at said 
minimum position to a second frequency When said device 
is at said maXimum position and Wherein said control 
module decreases said frequency of said second signal 
Waveform from said ?rst frequency When said device is at 
said minimum position to a third frequency that is less than 
said ?rst frequency When said device is at said maXimum 
position. 

7. The control system of claim 3 Wherein said control 
module increases said frequency of said ?rst signal Wave 
form from a ?rst frequency When said device is at said 
minimum position to a second frequency When said device 
is at said maXimum position and Wherein said control 
module decreases said frequency of said second signal 
Waveform from said second frequency When said device is 
at said minimum position to a third frequency that is 
betWeen said ?rst and second frequencies When said device 
is at said maXimum position. 

8. The control system of claim 3 Wherein said control 
module compares said frequencies of said ?rst and second 
signal Waveforms and activates an alarm indicator When a 
sum of said frequencies of said ?rst and second signal 
Waveforms is at least one of greater than a ?rst predeter 
mined frequency and/or less than a second predetermined 
frequency. 
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9. The control system of claim 8 wherein a ?rst resolution 
of said ?rst position sensor is greater than a second resolu 
tion of said second position sensor and Wherein said control 
module applies a Weighting factor to one of said frequency 
of said ?rst signal Waveform or said frequency of said 
second signal Waveform before comparing said frequencies 
of said ?rst and second signal Waveforms. 

10. The control system of claim 2 Wherein said sensor 
module increases both of said frequency of said ?rst signal 
Waveform and said frequency of said second signal Wave 
form as said device moves from said minimum position to 
said maXimum position. 

11. The control system of claim 2 Wherein said second 
module decreases both of said frequency of said ?rst signal 
Waveform and said frequency of said second signal Wave 
form as said device moves from said minimum position to 
said maXimum position. 

12. The control system of claim 2 Wherein said ?rst and 
second signal Waveforms are one of square, triangular, 
trapeZoidal, or sinusoidal Waveforms. 

13. The control system of claim 2 Wherein said control 
module detects voltage bias conditions in said ?rst and 
second signal Waveforms. 

14. The control system of claim 2 Wherein a ?rst resolu 
tion of said ?rst position sensor is greater than a second 
resolution of said second position sensor and Wherein said 
control module applies a Weighting factor to one of said ?rst 
position value or said second position value to compare said 
?rst and second position values. 

15. The control system of claim 2 further comprising ?rst 
and second conductors having ?rst ends that communicate 
With said sensor module and second ends that communicate 
With said control module, Wherein said control module 
transmits said ?rst signal Waveform on said ?rst conductor 
and said second signal Waveform on said second conductor. 

16. The control system of claim 2 Wherein said control 
module compares said ?rst and second position values and 
activates an alarm indicator When a difference betWeen said 
?rst and second position values is greater than a predeter 
mined value. 

17. The control system of claim 2 Wherein said control 
module converts said ?rst and second position values into 
?rst and second normaliZed values that represent a fraction 
of a range betWeen said minimum and maXimum positions 
of said device. 

18. The control system of claim 17 Wherein said control 
module compares said ?rst and second normaliZed values 
and activates an alarm indicator When a difference betWeen 
said ?rst and second normaliZed values is greater than a 
predetermined value. 

19. The control system of claim 2 Wherein said control 
module includes a frequency ?lter that detects frequency 
shifting in said ?rst signal Waveform and/or said second 
signal Waveform. 

20. The control system of claim 19 Wherein said fre 
quency ?lter is one of a loW pass ?lter or a bandpass ?lter. 

21. The control system of claim 2 Wherein said device is 
one of an accelerator pedal, a brake pedal, a clutch pedal, or 
a throttle blade of a vehicle. 

22. A method for operating a control system, comprising: 
sensing a position of a device With a ?rst position sensor, 

Wherein said position of said device is betWeen mini 
mum and maXimum positions and Wherein said ?rst 
position sensor generates a ?rst position value; 

sensing said position of said device With a second position 
sensor, Wherein said second position sensor generates a 
second position value; 
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12 
generating a ?rst signal Waveform based on said ?rst 

position value; 
generating a second signal Waveform based on said sec 

ond position value; 
varying a frequency of said ?rst signal Waveform based 

on said ?rst position value; 
varying a frequency of said second signal Waveform 

based on said second position value; 
transmitting said ?rst and second signal Waveforms to a 

control module; and 
determining said ?rst and second position values at said 

control module based on said frequencies of said ?rst 
and second signal Waveforms, respectively. 

23. The method of claim 22 further comprising increasing 
said frequency of said ?rst signal Waveform and decreasing 
said frequency of said second signal Waveform as said 
device moves from said minimum position to said maXimum 
position. 

24. The method of claim 23 further comprising: 
increasing said frequency of said ?rst signal Waveform 

from a ?rst frequency When said device is at said 
minimum position to a second frequency When said 
device is at said maXimum position; and 

decreasing said frequency of said second signal Waveform 
from said second frequency When said device is at said 
minimum position to said ?rst frequency When said 
device is at said maXimum position. 

25. The method of claim 23 further comprising: 
increasing said frequency of said ?rst signal Waveform 

from a ?rst frequency When said device is at said 
minimum position to a second frequency When said 
device is at said maximum position; and 

decreasing said frequency of said second signal Waveform 
from a third frequency that is betWeen said ?rst and 
second frequencies When said device is at said mini 
mum position to a fourth frequency that is less than said 
?rst frequency When said device is at said maXimum 
position. 

26. The method of claim 23 further comprising: 
increasing said frequency of said ?rst signal Waveform 

from a ?rst frequency When said device is at said 
minimum position to a second frequency When said 
device is at said maXimum position; and 

decreasing said frequency of said second signal Waveform 
from said ?rst frequency When said device is at said 
minimum position to a third frequency that is less than 
said ?rst frequency When said device is at said maXi 
mum position. 

27. The method of claim 23 further comprising: 
increasing said frequency of said ?rst signal Waveform 

from a ?rst frequency When said device is at said 
minimum position to a second frequency When said 
device is at said maXimum position; and 

decreasing said frequency of said second signal Waveform 
from said second frequency When said device is at said 
minimum position to a third frequency that is betWeen 
said ?rst and second frequencies When said device is at 
said maXimum position. 

28. The method of claim 23 further comprising: 
comparing said frequencies of said ?rst and second signal 

Waveforms; and 
activating an alarm indicator When a sum of said frequen 

cies of said ?rst and second signal Waveforms is at least 
one of greater than a ?rst predetermined frequency 
and/or less than a second predetermined frequency. 

29. The method of claim 28 further comprising applying 
a Weighting factor to one of said frequency of said ?rst 
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signal Waveform or said frequency of said second signal 
Waveform before comparing said frequencies of said ?rst 
and second signal Waveforms, Wherein a ?rst resolution of 
said ?rst position sensor is greater than a second resolution 
of said second position sensor. 

30. The method of claim 22 further comprising increasing 
both of said frequency of said ?rst signal Waveform and said 
frequency of said second signal Waveform as said device 
moves from said minimum position to said maXimum posi 
tion. 

31. The method of claim 22 further comprising decreasing 
both of said frequency of said ?rst signal Waveform and said 
frequency of said second signal Waveform as said device 
moves from said minimum position to said maXimum posi 
tion. 

32. The method of claim 22 Wherein said ?rst and second 
signal Waveforms are one of square, triangular, trapeZoidal, 
or sinusoidal Waveforms. 

33. The method of claim 22 further comprising detecting 
voltage bias conditions in said ?rst and second signal 
Waveforms at said control module. 

34. The method of claim 22 further comprising applying 
a Weighting factor to one of said ?rst position value or said 
second position value to compare said ?rst and second 
position values, Wherein a ?rst resolution of said ?rst 
position sensor is greater than a second resolution of said 
second position sensor. 

35. The method of claim 22 further comprising: 
transmitting said ?rst signal Waveform to said control 

module on a ?rst conductor; and 
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transmitting said second signal Waveform to said control 

module on a second conductor. 

36. The method of claim 22 further comprising: 
comparing said ?rst and second position values at said 

control module; and 
activating an alarm indicator When a difference betWeen 

said ?rst and second position values is greater than a 
predetermined value. 

37. The method of claim 22 further comprising converting 
said ?rst and second position values into ?rst and second 
normaliZed values at said control module that represent a 
fraction of a range betWeen said minimum and maXimum 
positions of said device. 

38. The method of claim 37 further comprising: 
comparing said ?rst and second normaliZed values; and 
activating an alarm indicator When a difference betWeen 

said ?rst and second normaliZed values is greater than 
a predetermined value. 

39. The method of claim 22 further comprising detecting 
frequency shifting in said ?rst signal Waveform and/or said 
second signal Waveform With a frequency ?lter at said 
control module. 

40. The method of claim 39 Wherein said frequency ?lter 
is one of a loW pass ?lter or a bandpass ?lter. 

41. The method of claim 22 Wherein said device is one of 
an accelerator pedal, a brake pedal, a clutch pedal, or a 
throttle blade of a vehicle. 


